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Remarks 

In the Office Action dated July 21, 2004, claims 53, 57-58 and 60-63 and 
65-103, in the above-identified U.S. patent application were rejected. 
Reconsideration of the rejections is respectfully requested in view of the above 
amendments and the following remarks. Claims 53, 57-58, 60-63 and 65-103, 
remain in this application, claims 1-52, 54-56 and 64 have been canceled. 

Claims 53, 57-58 and 60-103 were rejected under 35 USC §112, first 
paragraph, as lacking enablement for the detection of antibiotic resistance in any 
microorganism by detecting any mutation in any peptidyltransferase center of 
23S rRNA. As discussed in previous responses, the present invention exploits 
known point mutations responsible for antibiotic resistance in a diagnostic test as 
indicated on page 5, lines 32 -38 of the present specification. Macrolide 
resistance is mediated by specific positions which have a conserved nature in a 
very wide variety of transferase centers of microorganisms. As pointed out on 
page 3, lines 23 to 26, of the present application, macrolide antibiotics act by 
blocking the peptidyl transferase center. Attached is a reference (Vester and 
Douthwaite, Macrolide Resistance Conferred by Base Substitutions in 23S rRNA, 
Antimicrobial Agents and Chemotherapy, Jan. 2001, p. 1-12) published after the 
priority date of the present application which shows that mutations at positions 
2032, 2057, 2058, 2059 and 261 1 result in resistance against a considerable 
number of macrolide antibiotics in a number of microorganisms (tables 1 and 2). 
Page 7, left column of Vester and Douthwaite states that "given the conservation 
in structure and function of ribosomes, it is tempting to predict that identical 
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mutations will give the same phenotype in different bacterial species. This 
seems to be generally the case, although a few disparities exist". Based on the 
state of the art knowledge about macrolide resistances, in particular the 
conserved structure and function of the ribosomes, the authors predict macrolide 
resistances based upon mutations of rRNA in a number of species in which 
macrolide resistance has not yet been described. A person skilled in the art 
would reasonably predict that macrolide resistance would generally occur at the 
five positions of table 2 which overlap the positions recited in the present claims. 

The office action also indicates that the generalization to any 
microorganism based upon the example of H. pylori \s not enabled. As 
previously discussed, the peptidyl transferase center is strongly conserved 
among a large variety of pathogenic microorganisms, including gram-negative 
(e.g. Helicobacter and gram-positive (e.g. Mycobacterium) species. A person 
skilled in the in the art would conclude that, due to the common mode of action of 
macrolide antibiotics, and due to the large degree of homology of the peptidyl 
transferase center in bacteria species, point mutations in different species 
leading to antibiotic resistance would occur at identical positions. Thus, 
applicants contend that the detection of antibiotic resistances by detection of 
point mutations in the peptidyl transferase center is enabled in any bacterial 
species by the Helicobacter example of the present invention. Thus, applicants 
contend that a common macrolide mode of action enables the invention for all 
macrolide antibiotics in numerous microorganisms even if it is exemplified only by 
clarithromycin and H. pylori. 
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Claims 53, and 57-91 were rejected under 35 USC § 1 12, second 
paragraph, as indefinite. The claims have been amended deleting the language 
"which are treated using macrolide antibiotics" and changing the language 
"wherein said microorganisms are usually sensitive to macrolide antibiotics" to 
"wherein said microorganisms are suspected of being resistant to". In view of 
these amendments applicants request that this rejection be withdrawn. 

Claims 53, 57-58, 60-85, 92, 93 and 101-103 were rejected under 35 USC 
§1 03(a) as unpatentable over Versalovic in view of Amann 1995 and Amann 
1990. As discussed in prior responses, Versalovic did not successfully 
discriminate point mutations using in situ hybridization and indicates that some 
23S rRNA residues are protected. Page 160 of Amann (1995) refers to table 3, 
which provides many positions on the 16S and 23S rRNA which are suitable for 
whole cell hybridization. Applicants point out that none of the six positions 
recited in the present claims are included in Amann's table. In view of the 
statement in Amann (1995) that certain regions may be inaccessible, and the 
statement in Versalovic that some 23S rRNA residues may be protected, the 
cited prior art teaches away from in situ hybridization at the presently recited 
positions in the 23S rRNA at the peptidyl transferase center. 

In addition, pages 16 and 17 of the present application disclose that 
different hybridization probes surprisingly bind specifically to different target 
sequences under identical hybridization conditions, and are therefore able to 
detect a sequence difference of only one single base. Using the knowledge of 
the position of a given potential point mutation one can then develop a probe of 
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sufficient quality for fluorescence in situ hybridizations (FISH). This is a process 
which requires several months work and is rendered more complicated by the 
fact that all assays must work under identical conditions. 

Ribosomal RNA is entwined in a three dimensional complex with over 50 
different proteins. Each probe sequence has to be individually tested with 
respect to the accessibility of the complementary sequence in the RNA. The 
FISH procedure melts the RNA in the complex, opening certain sequences to 
enable the annealing of the probe. Regarding these difficulties, one skilled in the 
art could not have predicted that a set of oligonucleotides could be found which 
would be able to discriminate among point mutations in rRNA of microorganisms 
under identical conditions. There is no disclosure in the cited references which 
teaches how to provide such a set of oligonucleotide probes. However, example 
6 in the present application describes the successful application of a mixture of 
claimed probes. Applicants respectfully contend that a set of oligonucleotides 
able to work in FISH under identical conditions could not nave been predicted in 
view of the cited art. 

Claims 86-90 and 94-97 were rejected under 35 (JSC §1 03(a) as 
unpatentable over Versalovic in view of Amann (1995) and Amann (1990) in view 
of the Stratagene catalog. As discussed above, the combination of Versalovic, 
Amann (1995), and Amann (1990) does not suggest or disclose a method for 
single-mismatch discrimination by hybridization at the presently recited positions 
in the 23S rRNA in biological specimens. The Stratagene catalog does not cure 
this deficiency as Stratagene is cited only for the general disclosure of kits. 
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Applicants contend that it would not have been obvious to prepare a kit 
containing hybridization probes which are specific for a nucleic acid sequence 
which encompasses a region corresponding to one or more of the nucleotides 
2032, 2057, 2058, 2059, 2503 and 261 1 on the E.coli 23S rRNA. 

Claims 91 and 98-100 were rejected under 35 USC §1 03(a) as 
unpatentable over Versalovic in view of Amann (1995) and Amann (1990) in view 
of the Stratagene catalog further in view of Morotomi. As discussed above, the 
combination of Versalovic, Amann (1995), Amann (1990) and the Stratagene 
catalog does not suggest or disclose a method for single-mismatch discrimination 
by hybridization using hybridization probes which are specific for a nucleic acid 
sequence which encompasses a region corresponding to one or more of the 
nucleotides 2032, 2057, 2058, 2059, 2503 and 261 1 on the E.coli 23S rRNA. 
Morotomi does not cure this deficiency as Morotomi was cited only for the 
disclosure that H. pylori can be detected using a urease indicator. In view of the 
fact that Morotomi in combination with Versalovic, Amann (1995), Amann (1990) 
and the Stratagene catalog does not suggest or disclose a method for single- 
mismatch discrimination by hybridization using hybridization probes which are 
specific for a nucleic acid sequence which encompasses a region corresponding 
to one or more of the nucleotides 2032, 2057, 2058, 2059, 2503 and 261 1 on the 
E.coli 23S rRNA, applicants request that this rejection be withdrawn. 

Claims 92, 93, 101 and 102 were rejected under 35 USC §1 03(a) as 
unpatentable over Versalovic in view of Hiratsuka and Gingeras. As discussed 
above, Versalovic did not successfully discriminate point mutations using in situ 
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hybridization and indicates that some 23S rRNA residues are protected, which is 
supported by the statement in Amann (1995) that certain regions may be 
inaccessible. In view of this, applicants contend that one skilled in the art would 
not be motivated to combine Versalovic, Hiratsuka and Gingeras to obtain the 
specific oligonucleotides claimed in claim 92. 

Claims 86-90 and 94-97 were rejected under 35 USC §1 03(a) as 
unpatentable over Versalovic in view of Hiratsuka and Gingeras further in view of 
the Stratagene catalog. The combination of Versalovic, Hiratsuka and Gingeras 
does not suggest or disclose a kit containing hybridization probes which are 
specific for a nucleic acid sequence which encompasses a region corresponding 
to one or more of the nucleotides 2032, 2057, 2058, 2059, 2503 and 261 1 on the 
E.coli 23S rRNA. The Stratagene catalog does not cure this deficiency as 
Stratagene was cited only for the general disclosure of a kit and does not 
suggest a method for single-mismatch discrimination by hybridization or kits 
containing hybridization probes which are specific for a nucleic acid sequence 
which encompasses a region corresponding to one or more of the nucleotides 
2032, 2057, 2058, 2059, 2503 and 261 1 on the E.coli 23S rRNA. In view of the 
above discussion, applicants request that this rejection be withdrawn. 

Claims 91 and 98-100 were rejected under 35 USC §1 03(a) as 
unpatentable over Versalovic in view of Hiratsuka, Gingeras, and the Stratagene 
catalog further in view of Morotomi. As discussed above, the combination of 
Versalovic, Hiratsuka, Gingeras and the Stratagene catalog does not suggest or 
disclose the claimed kits. Morotomi does not cure this deficiency as Morotomi 
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was cited only for the disclosure that H. pylori can be detected using a urease 
indicator. In view of the fact that Morotomi in combination with Versalovic, 
Hiratsuka, Gingeras and the Stratagene catalog does not suggest or disclose a 
kit for determining macrolide antibiotic resistance in microorganisms by in-situ 
hybridization using hybridization probes which are specific for a nucleic acid 
sequence which encompasses a region corresponding to one or more of the 
nucleotides 2032, 2057, 2058, 2059, 2503 and 261 1 on the E.coli 23S rRNA, 
applicants request that this rejection be withdrawn. 

Applicants respectfully submit that all of claims 53, 57-63 and 65-103 are 
now in condition for allowance. If it is believed that the application is not in 
condition for allowance, it is respectfully requested that the undersigned attorney 
be contacted at the telephone number below. 

In the event this paper is not considered to be timely filed, the Applicant 
respectfully petitions for an appropriate extension of time. Any fee for such an 
extension together with any additional fees that may be due with respect to this 
paper, may be charged to Counsel's Deposit Account No. 02-2135. 



Respectfully submitted, 




Monica Chin Kitts 

Attorney for Applicants 

Registration No. 36,105 

ROTHWELL, FIGG, ERNST & MANBECK, p.c. 

Suite 800, 1425 K Street, N.W. 

Washington, D.C. 20005 

Telephone: (202)783-6040 
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Resistance to all major groups of antfc.ob.es has ^" ha f 
in hard with their pensive use in mediae and ^hus- 
bandry, aT,d macrolide antibiotics are no exception- The ther- 
apeutic atility of macrolides has been severely compromised by 
tTemWnL of drug stance in many pathogen* bac«^ 
T^e molecular mechanisms by which bacteria become resistant 
2 maUld, bat in general these can be eolleetrveh, chaiac- 
Srized as living either drug efflux, drug ma^on or 
aSions in the drug target site. The target s*c for macro- 
Udcs is the large (50S) subunit of the bacterial ribosome Many 
^ oScillide Jistattcein clinical strains can 1* linked to 
2£rian of specific nucleotides in 23S rRNA within the large 

^r^na^, polylcetide products mJ ! — g 
metabolism in many actinomyecte spcc.es (51, ^J^micaUy 
useful macrohdes consist of a 14-, 15-, or l6-m«nbcr lactone 
ring (Table 1) thai is generally substituted with two or more 
• Sal and/or amino sugars (16). Tbestrucrures of the 14- and 
16-member-rmg macrolides erytbTomycin and tylosin and of 
some semisynthetic erythromycin derivatives are shown m F.g^ 
1. The inhibitory action of erythromycin, and probably that of 
the other 14-member.ring macrolides, is effected . « the early 
stages of protein synthesis when the drug blocks the growth of 
chenascent peptide chain (7, 140), presumably causing prema- 
ture dissc^aflonoIricpeptidyl-tRNAirommeribosome (85). 
The antimicrobial action of these drugs is compounded by 
their inhibition of the assembly of new large ribosumal sub- 
units, which leads to gradual depletion of functional nbosomcs 
in the cell (23). The mode of action of the l^member-rnig 
macrolides is less well characterized, although it is clear that 
they bind to the same region of the large suburnt as the 14- 
member-rir.gmacrolides and inhibit peptide bond formation » 
a more direct manner (reviewed in reference 140). 

Shortly after the introduction of erythromycin m therapy in 
the 1950s, resistance to the drug was observed in bacterial 
pathogens (reviewed in reference 76). More disquieting was 
the observation that erythromycin-resisiant srrams ™n&S& 
„nlv to aU other macrolides but also to the chem- 
T calJy ' unrelated llncosamide a n d streptogramin B drugs. This 
phenomenon was first observed in Staphylococcus aureus and 

• Corresponding JUihQi. Mailing address: Department of Biolorfcal 
Ch*S£W«» ol Molecular Biolog, 0*~&- M«M» 
Solved 83K, DK-1307 Copenhagen K, Denmark. PKoneJ 43} 32 i 32 
MllTax: (45) 35 32 20 40. E-mail: birtev@/nennaid.iiiott)ioJe U .olc. 



came to be termed the maorollde-Jincosamlde-streploprnm B 
(MXSb) antibiotic resistance phenotype. In these S. aureus _ 
ItranS MLSb resistance can be induced by exposure to low 
concentrates of erythromycin (151), which lead, to egres- 
sion of ameLhyitransferasc enzyme (ErmC). ErmC specifically 
xnethylatos 23S rRNA (M) at the N-6 P"**™ * 
2058 (A2058) {Escherichia coli numbering) (121), which is a 
pivotal nucleotide for the binding of MLS B antibiotics (see 
below). Subsequenuy, several dozen em metbytaansferase 
genes have been identified. Many o.E these are 
expressed, and their products all presumably methylate A2058 
A new nomenclature system has recently been proposed for 
the difcrent erm genes, which clarifies their phylogenetic ie- 
ktedness (105). For a comprehensive account of the action of 
Bnn methyltransferases, see the review by Wcisblum (149). 

Since the discovery of erm genes, anotlier means ot resis- 
tance involving alteration of rRNA struciurc has been identi- 
fied Under laboratory conditions, single base subsntunons 
introduced into rRNA were shown to confer macrohdc resis- 
tance. This form Of resistance was first observed in the single 
rRNA (rm) opcion of yeast mitochondria, which i was rnutaied 
IVposirion A205S in the large-subunit rRNA (123). Shorty 
afterwards, similar phenotypes were obtained in E. coti by 
expression of mutant rm alleles from multiple-copy pjasmids 
(see, e.g, references 120 and 143). About 6 years ago, reports 
of rRNA mutations cordoning macrolide resistance in clinical 
pathogens began to appear in the literature. While it is con- 
cepmaW gratifying W establish that me mutatons appearing in 
pathogens are identical to those previously isolated m labora- 
uiry swuns, the clinical implications of this are quite disturb- 
in* The 23S rRNA mutations reported so far to cause mac- 
rohde resistance arc shown in Table 2. Generally, pathogenic 
species that develop macrolide resistance through mutations at 
A2058 (or neighboring nucleotides) possess only one or two rrn 
operons, such as in the case of Helicobacter pylori and Myco- 
bacterium species. Resistance in bacteria with multiple rm op. 
erons, such zsEntcrococa*, Streptococcus, Staphylococcus 
species, is generally conferred by Erm mettr/latooo of A20S8 
(Tabic 3) or by efflux (see e.g., references 70 and 110). How- 
ever there are cases of macrolide resistance by drug ^activa- 
tion (reviewed in reference 150), and there are recent reports 
of roacrolioe resistance in Sbvptococcus pneumonic* so*™ 
conferred by mutations in ribosornal proteins L4 and 122 and 
w rRNA (129; P. Appelbaum, personal commumcauon). Mac- 
rolide and ketolide resistance is additionally conferred m E. 



o 

o 

LU 

S 



05/11 '04 14:52 FAI +49 89 45563 999 



PA WEICKMANN AF AX -» ROTHWELL FIGG 



@005 



MINIR£VIEW 

TABLE 1. Macrolite antibioocs and ibcir derivatives 
discussed in this review _______ 



Ad Libia tic(«) 



PhpuotypK 



ABT-773 

Orbomycin 
aaridirotnydxi 
Eiylhtamycin A 

Spiramycin I, n, TJI 

Tdithrainyrin 

Macroiidcs 



Azin 
CbiP 
Or 

Spi 

Tel 
Tyl 
M14 
M16 
Mac . 





Lactone 




765 


14 


749 


15 




16 


748 


14 


734 


14 


S28 


16 


$43, 6SS, 


16 






812 


14 


916 


16 




14 




16 



Description 



Macrolidc 
Macrolide 

Id-member ring only 
l6*membcr tins aidy 
Ail macrolidcS 



coli bv the expression of small, specific peptides (134), al- 
tyX £ K ot resistance is probably too to- to be a 
nroblcm in the treataient of clinical strains. 
VT TL foDowins sections of this review, we first look at the 

S^olide antibiotics. A detailed model of a drug target site 



ANTIMICROB- AGENTS ChEMOTFEB. 

is a utercquisite for understanding tbe molecular ^f* 0 ^ 
K ;C£ and drug resistance and for 
fewa^gs. Our present state of pledge, although fer from 
b^finplote. -ppoxt, the view that the rr 
<itcis hiehry conserved within the nbosomes o£ aUbactena. We 
attention to the pathogen «d »P«£» 
W ™kri that have been shown to attain resistance byrRNA 
IS and vfe consider the possibility of this form of r«- 

best equipped 10 combat bacteria with resistant rRNAs. 
THE BIBOSOME TARGET FOR MACROUDES 

The drug binding site. Our Knowledge of the ternary ^struc- 
J^7dE»l has increased cnonno^ with* t the last 
STr Models at resolutions approaching 5 A have been ob- 
Staedby X-ray ciysiaUographic analysis of the small (30S) (29) 
S laS (5$ Santa . (111). a8 well as of the functional 70S 
£2 Smplex of the* two -bunits (21) . * 
2L. the structure of the ribosome at specific steps of proton 
syndesis has been deduced by cryoelectron ****** 
7J references 4 «id 124), albeit at lower resotofon. The 






cSomyd^ R " CH 3 Telithromycin [HMR36471 ABT-773. 




Tylosin 5 

TO . X. Selected c^ini^^ 
A, whi ch -was the Jbtt thortpcm* macrOl.de and paw a '*™*^* Jthromycin is the G-™tb5xyd e ri™av e o/ 4 Lydir«ny™ nn d 
St^U in the fanning r^^^^^^^XS^^^^ (eprcSe nt the mojrecent 
is twesendy the drug of choice in H. pylon eradication. Tbe ~™ 1 ™^™™J£?L tuii _ e & erythromycin and clarithromycin. Both tewlidcs have 
Ld^^aracteriiedby tue3-taoac group thaisuteututcs the sug^ _ cables idilhronrycm to make » 

SSS^EcXS which is. «de^d by -j. ^££K^U« clinical nials, with ABT-773 m die earty 
alternative interaction with domain H of 23S rBNA^ee ostj. uoui rciuu^ 
sage and lelitbroniycin in the £nal stage of the process. 
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TABLE 2. ™« """"to rcpor-d xo c^fcr macrolidc resistance 




754 Escherichia co/i 



2057 



2057+ 
2032 

2058 



ailanydomnnas remhardtii chloroplaSt 

Propionibactwla 

Escherichia eoli 
Helicobacter pylori 

Brariiyspifa lyyodystmenet 
ChhmydcmonaS fanhardlU ctalompta 
J^cherichia coli 

Helicobacter pylori 



Wild type 


TMunrfii 


U 


A 


G 


A 


G 


A 


G 


A 


G+G 


A+A 


A+G 


G+A 


A 


G.U 


A 


G 


A 


G 


A 


U 


A 


C 



Mycobacterium aktcesswi 
Mycobacterium avium 
Mycobacterium elicfonae 
Mycobacterium uisraceUutont 

Mycobacterium sniegmuds 
Mycoplasma pneumoniae 
Pivpionibecteria 
Streptococcus pneumoniae 
Strepwmycas ambof&cicns 
Saccharomyccs cerevisiae mnochoudnort 
Treponema pallidum 

2059 Helicobacter pylori 



Mycobacterium abseessux 
. Mycobacterium- cludonae 
Mycobacterium intraceUubve. 
Mycobacterium avium 
Mycobacterium smegmoris 
Mycoplasma pneumoniae 
Streptococcus pneumoniae 

PrOphnibactcria 

2452 Sulfvlobus acidocaklaina 

2611 ChlamydornonuS mocwusu chloroplasi 

Chlcirydornorias rdinJwdtii cbloroplast • 
Escherichia coU 
Streptococcus pneumoniae 
Setcharomyces cvevuin* mitochondrion 
Sa&haromycts cfsevisiat mitochondrion^ 



A 
A 
A 
A 
A 

A 
A 
A 
A 
A 
A 
A 



A 
A 



A 
A 
A 
A 
A 
A 
A 
A 



C 
C 
C 
C 

c 

C 



u 

G 

C, G,U 
CG 
C,G,U 
U 
G 
G 
G 
G 
G 
G- 
G 



C 
G 



CG 

G 

C 

C 

G 

G 

G 

G 

U 

G 

G, U 
U 

KG 
G 
U 



lit/ Lin* 

lay- M16" Lin* 5^ 
Eiy* Mid' 

Ery'Lm* 
Clr c Aztt r Hi/ 

Ei/Tyl'Lin' 

£ry r Lto r 

MtS n ' 

Or' 

Mac* Un B 
MLS„' 
Cla r 
Ck 1 

Mac 1 Lin" 

MLS b p 

Cla' 

MW 

Cla r 
Or* 
Or' 

Ck r 
Or r 
Or" 

M)US n ' 
MLS B r 
ML$q t 

&f 



Miic r lin f V 
Or* 
Of 

MJic r Lin r 
Mac 1 T jn r $J 
Oa r 
Or 1 
Or 1 

Ci*A7in p 
Of Aazn r 

Mat' 

Mac 1 " Lia u 
Cbm r Lia p 



63 */ 

47 

111 / 

39 / 

64 V< 

69- 
63 V 
39, 143 »/ 
120 V 
125 V 
94 1/ 
148 

141 / 
94 V . 
148 — 
34 ^ ■ 
148 — . 
34 — 
146 V 
90 ^ 
146 V 
84/ 
IS 

113* 

! 79y . 
111/ 

129 — 

93 ✓ 

^vlsia™ w4 H. L, Bergen, Amimicrul}. 
AgenUJ Chemother. 44:806-807, 2000 

148- 
34- 
142/ 

94 / 
148 
34- 
146^ 
J46 / 

• 84* 
84 / 
113/ 
79 * 
129 -* 
1H ✓ 



tin™ 



Et/Spi* 
Ery* tin" - 
Ery* Spi" TyF Lin" 
Mac* S M * 
Er/Spi* 
Eiy"Spi T 



54 * 
63 *f 
139 V 
129 — * 
122^/ 
122*/ 



7- ..^.ujr ^MSrRNACoQHisLeMiiscofthc^^^t^fecfliiara comparison bcrw^n 

4K^SSF==«? 



_, suclx as Ih&T for H pyUM (132). 




SVSe^tiU arc Taunted ^^f^ B »> ^"4^^^^^ lT 
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Brochysp'tfa hyOdyscnteriat 
Mycoplasma pneumoniae 
Mycobacterium chelonae 
Mycobacterium abscesses 
Mycobacterium avium 
Mycobacterium auraoellnlare 
Propionibactcrium aviditm 
Helicobacter pylori 
Propionibacterium granulosus 
Treponema pallidum 
p/opionibaevrium acnes 
Streptococcus pneumoniae 

Corynebacttnum diphtheria* 
Neisseria gonorrhoeae 
Bnterococcus 
Lactobacillus rtttrcn 
Bacillus anthracis 
Bacteroides fra&Us 
Staphylococcus 
Staphylococcus aureus • 
Streptococcus pneumoniae 

Streptococcus pneumoniae 

Streptococcus agalactiae 
Streptococcus pyogenes 
Clostridium perfringens 



23S RNA mulaiion 
23S RNA mutation 
23S RNA mutation 
23S RNA mutation 
23S RNA muiackm 
233 RNA mutation 
23S RNA nuiLation 
23S RNA mutation 
23S RNA mutation 
23S RNA mucalion 
13S ftNA mutation 
23$ RNA mumLion 



erm and efflux (61, 104) 

erm (67) 

ttm (149) 

cnn(149) 

erm (149) 

erm and eBIuX (43) 

^c^ial proLein L4 (129; TaiL-Kamradt et aL 

Abstr. ICMASKO V Meet.) 
erm and efflux (73, 123) 



erm and efflux (28, 149) 
ctm and efflux (70, 128) 
erm (149) 



NA° 
4 

4-6 
NA 
NA 
NA 
NA 

6 

4 

4 or 6 

6 

6 
9 



84, 90 

J3, 84, 90 ■ 
111 

17. 68, 133 
111 
22 
111 

179- Tait-Kamradt et al., 
Abstr- ICMASKO V Meet. 



14 

U6, 117 



145 

129; Tait-KaxnradL ei aL, Abslr, 

ICMASKO V Meet 
JO 53, 129; Taii-Kamiadi el al-, 

Absir- ICMASKO V Meet. 
37 
125 
19 



macrolide bindins site is presumably situated al the base Of the 
r^deft th^rovidc, access to the peptide c»t « 
ihc large subunit (11, 2J). This is at, ^ very close to the 
Scrioa where the aminoaeyl and pepudyl ends of tRNAs 
become aligned within the large subunit to catalyze the fo.ma- 
Sof pep^de bonds. The X-ray cxysxaUographers r^mue 
data at even better resolution in the near future which wul 
Sentai«veal the molecular details of the antftioucbrndrng 
sites (sec Addendum in Proof). For the moment, however, we 
mu« Sy^y or. biochemical and molecular genet* data 
forourundeistandmgofmacroUdebindmg. 
The site of peptide bond formation od the large ribosomal 

m 156). The lVmember.riagmaorolide a5 ee m to ^ more 
extensive interactions in this rRNA region than the 14-mem- 
blr-rine macrolides (Fig. 2), which is undoubtedly rela ed to 
the respective manner in which the drugs interfere with prole* 

^ Ttfin'teraction sites of erythromycin and tetoude deriva- 
tives have a&lltionallybeen mapped to hairpr* 35 m dom^nll 
of the rRNA (Rg. 2) (62, 156). A single ™kcuk * erjtf^ 
myembinds per large ribosomal suburit (reviewed m reference 
1405 and this holds true for the kctolidc denvauves (62), ro- 
dicating that the same drug molecule simultaneously comae* 
dOrtaki II and V ot 23S rRNA As these drugs are small rel- 
ative lo the nbosomc, such interactions would be possible only 



if the rRNA is folded so that hairpin 35 and the pept. dyi trans- 
fer loop are adjacent. Evidence from other approaches 
including pbylogenetie comparisons of rRNA sequences (60) 
and RNA cross-hnldng (88), strongly supports the idea of con- 
tact between these two rRNA regions. In addition, mutations 
in ribosomal proteins L4 and 1-22 that confer eryihromvcm 
resistance mK coU laboratory strains (27, 96, 152) presumably 
do so by perturbing the 23S rRNA structure. In the resistant 
L22 mutant, the oonfifioration of the hairpin 33 loop .s clea.ly 
affected (59). Most recent evidence indicates that the 16-mem- 
ber-ring microlide tylosin also interacts with the pepudyl 
transferase and hairpin 35 loops. Two resistance determinants, 
OA and itD in the rylosin-producing ^ 
Zvfradizc, encode Erm homologs that mcthylate A2058 (149), 
whereas a third resistance determinant, tb-B, encodes another 
wpe of methyltransferase that mesylates G748 in the hairpm 
35 loop (reference 80 and see Addendum in Proof). 

The structure of the MLS B drug binding pocket withm the 
large ribosomal subunit is defined by the tertiary conjuration 
of 23S rRNA Hairpin 35 and the pepttdyl transferase loop 
seem to be the main, althoughuot *e sole, component ofto. 
binding pocket. Nucleotide 2032 within the loop of 23S rENA 
hairpin 72 is also implicated. Mutations at this nucleotide con- 
fer resistance to lincosamides (31, 39) but increase sensitivity 
to erythromycin (39) and perturb the peptidyl nansf erase loop 
Structure (41). Also, several nucleotides wrtbm hehces radiat- 
ing from the peptidyl transferase loop interact wtfh the ami- 
no\cy1 end of tRNA (92). which places these regions near the 
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■■Hi 

2057 and 26111 can vary between different bactcna " •** 

SZ^dn mteracSi ^ on the rRNA arc Ktenncal. 



ate of peptide bond formation. The elucidation of an exact 
model & the tertiary folding and spatial orientation of fcese 
S^Acon.ponentsisb^ondtho scope 
molecular genetic approaches and is now m the ° f 
SaVSaJograp^. However, the da* that are presently 
SSbteto eS us to go coire some way towards under- 
SXg uS mechanisms of macrolide binding and lessee 
S it possible to predict what new r«>*tant aught 
^Landhow these could best bo combated therapeuncauy. 

rXmut^onS confer nsistanc. The rRNA mutations 
ported for laboratory and clinical Strains tot have relevance 
for macrolide binding and resistance arc ^cdinl^ 
Pertinent mfbrmatioi. on cross-resis lance to other MLS B drugs 



» included. Mutations at A2058, or at A2059 for ^m ^- 
xolidcs, confer the highest levels Of resistance. All of fte mu- 
tations in Table 2 presumably, to greater or lesser ^degrce^ 
perturb the struct^ of the drug binding pocket and 
xeduee the ability of the drug to interact with and inbfctt 
ribosomes (41, 94 . Mediation of the rRNAat A2058 by F^ui 
SSferJs is thought to confer resistance by a s.oulax 
mechanism (56). Lower-level drug resistance .« provided by 
SSSTKpoii*«aOS7. 2452, and 2611 <p*^ wr^jn. 
Soseby in thlsecondary structure although slightly outside the 
S point of macrolide interaction. Low-level macroude re- 
sistance is conferred in an JS. erf laboratory stram by a mu*- 
u^posinon 754 m hairpin 35 (156), which provides addi- 
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Wl support for the pro^iiy of to hairpin .ndthepeptidyl 

transferase: loop in the rRNA tertiary structure 
^eW bo seen from the data in Table 2 thai whdc JBof to 
Jtitious discovered in clinical strains have Jj 1 * 
served in laboratory srrains, the «^ » ^ 
distinction is that rRNA stance mutafcons m « 
pathogen often fix* become apparent after • 
orozram has failed to eradicate the pathogen. Drug therapies 
SSSr « aSSrcssi- as is expedient, and thus so*™ 
SSdr motions that confer the highest <"»j"££ 
selected in contrast, rRNA mutations created under labo.a- 
tions have been done so intentional* to m«e^ our 

understanding of ^^™ m ^? c ^%™l 
irolled conditions of the laboratory, a range oflcss effective 
SSnS phenotypes can be nurtured. Such rRNA _mu*«ons 
^useful m helping us to delineate the -^ J^ 
site on the ribosome, but, unless they segregate vntfa another 
5Z» mechanic it is not ejected that tbey^l boo£ 
served in clinical isolates. Clinical pathogens m which rRNA 
SS!. have been shown to confer macrolide resistance are 

over 30% of the adult population. Although the majority Of 

eSgical agent in most duodenal and many e^^rs 
Tpyhrl has also been linked with the development of some 
rypS «E g-tric cancer (30). The preferred J*J* 
■ressivc fofeclions is a drug combination including the erylh- 
roSS^rrvadvedariihrornycinCFig. D, which ^proved 
Stability and uptake properties compared to erytoornyem 
fS7^ H mlori is susccpLiblc to many anubioocs .n vitro, al- 
Shougf treatment in v*o is less trivial as the 
difficult environment in which to carrying out successful anh- 
microbial therapy (58). Clinic*! treatment ofLen 
pie drug therapy, consisting of two anum.crobJal agents n 
Idditioa to a proton pomp inhibitor, with bismuth as an exua 
option (reference 97 and references therein). 

Recently, clarithromycin resisiar.ee was shown to arise dur- 
ing drug Therapy and was traced to mutations at positions 
So58 or A2059 in the 23S rRNA (142). A number of Similar 
reports have subsequently been made CTable 2). No enn genes 
or macrolide efflux systems have yet been found m H. pylon 
despite searches for them (35, 64), and resistance mechanisms 
thus seem to be confined to rRNA mutations. The presence of 
a gastric H. pylori infection can be rapidly ascertained by any of 
eSral methods (sec, e.g, references 5 26 
more-involved procedures are required to establish whether 
the infecting Strain has 23S rRNA mutations that confer mac- 
rolide resistance. H. pylori is slow to culture la vitro, and fhu> 
microbiological approaches to determine a resistance profile 
Z often inappropriate in the c^c of an acute infecuoruA 
solution to this problem is offered by techniques based on FCR 
that facilitate rapid analysis of a relatively small number of 
H avion cells in a gaslxic juice or gastric biopsy sample- 
H. tlori ^ RNA>d» region around nucleotide A2058 has 
been amplified and analyzed for altered restriction ereyme 
patterns (82, 94, 119) and by hybridization to ohgonudcoUde 
orobes (83, 137). Such methods are potentially valuable > tools 
for optimizing drug therapy and avoiding relapse, and it is 



Ahhmickob. agents Chemother. 

eovisaged that they will also be used to identify resistance in 
other slow-growing bacteria with few RNA opcrons 

00 Resistance In oto* ^V^.^^^^ 
isolaies afMycoplasrw pneumonia* with A2058G and A2059G 
'SS^X* phenWpcs similar to those CH^S 
tants (79). The same mutations were found in resistant cluneal 
StcTof propionibacteria, although in some «otaW "«* 
SSS wa7 inferred by a G2057-TO-A motion (111). Patho- 
g£e species of mycobacteria also develop ^f^^JJ 
clarithromycin treatment (references 90 and 113 and reter- 
encTrtTrein). In Mycobacterium ImraceUuUtrc and Mycoba* 
S S three possible base substitutions have been 
Srved ^ position 2058 (84), whereas substitution at pos^on 
STmore restrictive (Table 2). Brochyspin hyodysenKW 
the etiological agent of swine dysentery, possesses a single an 
£c£rXafeso^ 

(ShlchU commonly used both as -^^^Tv ^ 
growth promoter in swine production) exhibited G or U sub- 
stitutions at position 2058 (69). The resistance pbdio^ 
conferred by the various base substitutions are considered m 
greater detail below. 



PHENOTWIC CONSEQUENCES OF 
TARGET SITE MUTATIONS 

Phylogenetic conservation ofrRNA. Change in the strncrure 
of rRNA has been subject to severe limitations during the 
tSco! evolution. The overall shape of rRNA, determined 
Secondary and tertiary structural folding, is remarkably sm- 
in all organisms (60, 93). The base sequences wUhm the 
paired stems of tbe rRNA can vary a great deal between spe- 
cies, because the size and shape of stems can be maintained by 
a variety oE different Watson-Crick and other base-pairing in- 
teractions. However, within certain smgle-srranded loop re- 
Sons of the rRNA, such as those depicted in Bg. % sequences 
tend to be highly conserved. Nucleotide 2058 is conserved as 
an adenosine in all (wild-type) bacteria, whereas this portion 
is a -nianosme in most archaeal ribesomes and in all cuUryal 
cytorfasmie ribosomcs (which are refractory to macrokdes). 
Nucleotide 2059 is conserved as an adenosine in all org™*- 
The identities of the bases at positions 2057 and 2611. wbch 
form the base pair closing the neighboring stem structure (Fig- 
2), are not ccmserved, although a Watson-Crick parr is gencr- 
i found here in all organisms. A priori it trnght be expected 
that the higher die level of phylogenetic consejvanon of a base 
the more drastic would be the phenotypic consequence ot 
changing it. Surprisingly, this Is not always the case. 

Genetic stability of rRNA mutations. Depending on a nu- 
cleotide's position and functional importance in the 
substitution either can be phenotypically silent, can be delete- 
rious, or can confer an advantage such as drug resistance. It 
S tneate asked why a substitution such as A205SG, winch 
obviously confers a dear advantage to the ceil, has not been 
consolidated as the "wild-type" sequence in all bacterti. Tms 
probably reflects the fact that the phenotypic effect of a mu- 
ktion may vary according to the environment 
Competitive growth experiments with low levels ofclanLhro- 
show Z H. pylori with an A2058G or an A2059O: mu- 
tation has a clear advantage compared to the wild-type Strain 
or to strains with arry of the other bases at these positions 
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M4TJ However, In stationary-phase cultures of E. cofi thai arc 
SSdir, the absence of ^^ 58G « n ^ 
are distinctly less stable than wild-type ribosomcs (2) The 
fdv^ntage conferred by A205SG in the presence of ma^hdes 
^ beVeighed against any disadvantage of ^ ?» ^ 
Station in *o absence df drug and whether 
ST be ameHorated by other factors, ^^.f f°? °f 
Staining such mutations will determine how stable tbey are 
Z^SZcl rRNA, which in rum is importamfor deiermiDmg 

"TS^S^S* vitro in the absence of azotic 
sd.cdvcTrcssute, stably maintained the A2058G and A2059G 
through 21 (34) and 50 (64) JjJ 
A20S8U and A2059C mutations were less stable (34). It shoulC 
be noted, however, that ano.her study showed a 
f oss of resistance over only five generations (1^ although 
here ihe genetic basis for the reliance was not known. In a 
ScTseW H. pylori with — f^S 
sfeted in patient 3 months after completion ot an onsutaea 
Sty therapy with clarithron-ycin (64). In other drug resistance 
systems it has been shown that the biolog.cal cost of man, tam- 
Sa resistance notation can be alleviated by a second muta- 
nt at mother site (6). Possibly a second-site mutation m *» 
SNA or in another ribosomal c^^o^t alloj th, muta- 
tions at positions 2058 and 2059 to be maintained at do extra 
SNXbactBrium. Whether such second-site mutations 
SLt and whether they compensate for the initial mutanon 
under all growth conditions are not prcsendy known, 
^hmicalry important rRNA mutations. Given the conserva- 
tion i, Nocture and function of ribosomes, it 
predict that identical mutations will give the same phenotype 
afferent bacterial species. This seems to be 
case, although a few disparities exist. The sites Of rRNA mu- 
otfen. conferring macrolide resist in clinical pathogens 
are considered in detail below. 

(i) Sou 2057- The occurrence of mutations at posuon 
2057 in clinical isolates is presently limited to a group of eryth- 
romyl-resistant propiombacteria (111) and * « d»tow- 
l-resistant, double mutant strain of K pylori (Table 2) The 
htJrrttfn contained a mutation at position 2032 u, addition 
^ISS-autk- m. though the 2057 subsumnon 
most likely determines the rnacro1idc-resista.it phenotype (39). 
M^bstitutions disrupt the 2057-2611 base pak at the 
end of the stem adjacent to the drug interaction site (F.g. 2). 
This confers low-level resistance to . "*«*«™g A T?Z 
lides and no resistance to 16-member-rmg raacrohdes (47, 
111). Substitution of position 2611 results in a s.ciuar disrup- 
tion in the rRNA structure and confers a Similar phenorype 
(139 144). Resistant 2611 mutant isolates of * 
have been noted after extensive in vitro S e eefcon with the 
macrolide derivative azithromycin (Table 1) (129). 

(a) Position A20S8. Many independent bncs of evidence 
indicate that adenosine 2058 is the key nucleotide > mvolved 
£ macrolide interaction on the ribosome. A2058 to G was the 
first TUNA mutation shown t«i confer erythromycin jesiswnce 
Ta L presently the most frequent clinically iso ated sta- 
tion (38, 94, 141). Relative to other rRNA mutations, A2058G 
rives the highest level of resistance to 14-member-r.ng macro- 
Udes (34, 126, 148). The A2058G mutation does not seem to 
ioflu^icc growth rate adversely in the absence of drug, *J- 
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though as mentioned above, A2058G mutant rRNA is prefer- 
entially degraded in £. co& (2). . . „ a 
C and U mutations at nucleotide 2058 also confer resistance 
(Table 2), but the phenotype apparently varies according to the 
organism. A2058 to C seems to be Icttal ^^g*™ 
personal communication), whereas m H. pylon A2058C 
fers a resistance level similar to that conferred by the G sub- 
stitution (34, 94, 148). Another species discrepancy is seen with 
STaMsU-U mutation, which in E. coU confer* 
MLS B antibiotics (120), and this mutant rm allele can be stably 
mailed on a plasmid without affecting growth rates in the 
absence of drug (our unpublished observahons); bowwwm 
H pvlori, A2058 to V gives lower resistance, strongly decreases 
growth, and is easily lost in the absence of drug selection (34, 
1481 No A2058-to-U mutation has yet been identified in clin- 
ical k pylori isolates. B. hyodysaiteriae isolates selected for 
tylosin resistance were shown to possess either & or U at po- 
sition 2058 (69). All three possible base substirauoos at posi- 
tion 2058 have been found in two different species of Myco- 
bacterium, where they all seem to be functional and to confer 
resistance (84, 90). Considering the high phylogenenc conser- 
vation of this rRNA region, it appears to be <» U ntermtu.uvc 
that a particular substitution can confer such varied pheno- 
rvpes in different bacterial groups. This variation may yet be 
shown to be caused either by differences in the sequences of 
rRNA regions that interact with A2058 or by peculiarities in 
other ribosomal components in the individual species 

Mutations at position 2058 arc the only subsntulions 10 
confer "true" MLS* resistance, defined as high reliance to afl 
Se drugs in thisrW This should be viewed with the caveat 
that-the term MLS B resistance has been assigned m a number 
of different ways, often without due reference » a comprehen- 
sive set of 14- and 16-memher-riog macrolide, lmcosamide, 
and streptoEramin B antibiotics. Mutations that have been 
SncSely demonstrated to exhibit the MLS B phenotype 
are A2058U in E. coli (J20), A2058CVG/U u H pylon (148), 
a1o58G inPropionibaCcrium spp. (Ill), and A2058G uitop. 
tomyces ambofaciens (98). However, the , present ^icahons 
make it judicious to assume that tl!c 2058G mutabon would 
confer true MLS* resistance in any bacterium with a low 
nn copy number. In addition, an S- pneunumuu ^stram with 
A2058G in- two of its four rrn alleles exhibits the MX^-resis- 
tant phenotype (P. Appelbaum, personal ~^ n > r . & 
fiii) Position A2059. As shown in Table 2, A2059-tO-<- or y 
mutations have been found in vivo in mycobacteria, propi- 
onibacteria, H. pylon, and, most recently, S. P««™°™" o 
Mutations at position 2059 have also *nsen under » vitro 
selection in M. pneumoniae, and S. pneumoniae. K pylon WW 
mutants have lower levels of clarithromycin re^ce Uian 
2058 mutants in growth experiments in vitro (34 148)^ ^A2059 
to C in H pylori is not very stable, and the U 
cLmol be nfainteined (34). The H. pylori A2059-loG and -C 
mutarions give moderate resistance to darithromycm ^f^' 
damycin (a lineosamide) but no resistance to qumupnstm (a 
s^pamin B) (148). During treatment for « ^ m ^ 
tion! there seems to be variation in the ™* 
which the 2058 and 2059 mutations occur (38, 82, 94, 141). l ws 
is probably dependent on a number of factors inclucfmg the 
merapcutic regimes employed (which are not always stat- 
ed) A clinical macroUde-resisUat isolate of 5. pneumonia was 
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rcC ently reported to rS S— « 
I wSS M. Jacobs, P- Appe.baum, and J- 

SB2fK»^cS£^S or whe^r this form of 
2££E present ta pyococci and ha, previously es- 

Tp^cteria, A2059G confers prance to 14- 
™d 16 member-ring niacrolides bat gives significantly higher 
3££S fre^member-rmg -acrolidc J-"?" *" 
for A2058O (111). This is MU> -J 

™ jShMS rRNA Both types of macrolides project posi- 

ySSto of the interacts of the bulkier l^er- 
rL r^olides is possibry shifted towards position ^0059 

Pb^otvpic variability. Recently, reports of different TL pr 
J phJS- arising from the same fRNA mutton have 

Stance to daritbromycin (52. 83). An explanation ft* ^these 
SrTnoas * not innately dear, although to avoidcon- 
rS wSTa basic premise of rnicrobial genetics (that u ogen* 
Say the same pbenotypc under the same grow* 
-ust assise that these Strains ^" «" 
Tinci«ctedW high diversity in the genetic footprints of 
S55 sS ffi2 cs-blisL (30) and i. possibly one of 
KSLtors in the aberrant phenorypes to add,™* 
has two rr» Operons (17, 68, 133) « J*g££ 
opcrons often contain the same muta to » C^^JJ* 
■mus strains which exhibit intermediate or b.gh levels ot arug 
SSSTSTbom found (64, 156, 142). 
Stance phenotypc are best resolved 
neered by in vitro site-directed mutagenesis (34, 148), where 
l i^c it of a single substitution can be ascertained 
unambiguously. 

FUTUKE PERSPECTIVES 

Predicted resistance in other pathogen. After ^u^ ito 
mSde antibiotics, the types of rRNA mutations desenbed 
above can rapidly dominate bacterial populous rm which the 
mdividuaJ ceUs possess only one or two rm operon*. Tabk 3 
SLatizcs theUtionship between the number^ rf ™opc. 
OQS ij, a pathogen and the mechanism by which resistance 

onerous a bacterium possesses, the greater Jf ^J^JJ 
macroHde resistance, if and when it anses, wdl be confetredby 
SJiA mutations. These spontaneous mutator* are constancy 
arising at > low frequency i= ar,y bacterial T^'"?^ 
druTs merely exert a selective pressure towards then prohfer- 
context, the potential influence of adapuvc rnu- 
SL mechanisms, which cat, come into play m 
ularions of nondividing or slowly dividing ceTs (103), should 
also be noted. 
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TABLE 4 Copy nosers of rRN A opcrons in pathog^fcr which 
T ^olteic*x&n<* pcchanfcms have not been report. 

No. of n<NA Qpero^ RcferttiiceQQ 



Chlamydia pneumoniae 
CoodeUd burnetii 
yfycobacKrium leprae 
Mycobacterium tuberculosis 
Mycoplasma ^nUalium 
Mycoplasma hyopntumomae 
Rickettsia prvrtazeku 
Borretta bur&iOTferi 
Chlamydia trachomatis 
Leptospira interrogans 
Mycobacterium eclntum 
Mycoplasma gallisepticum 
Bordccella pertussis 
Campylobacrerjejuni-C coli 

MoraxeHa catarrhalis 
Neisseria meningitidis 
Ps&idomonas aeruginosa 
Bd&Uux eercus group 
Haemophilus influenzae 
Listeria monocytogenes 
Salmonella spp. 
Vibrio choterae 



6-10 



50 
3 

118 

13 

4S 

130 

8 

33, U5 

46 

49 

102 

25 

89 

71, 131 

91 
153 
108 
101 

n 

36 
78 
75 



— _„ -endive to macroJidc antibiotics, « ^ ^ 

m Most of rficw baoctia T ?i U d f 127, 135). For A£ m- 

~^€^^-^- 

in bacteria with multiple rm qperons, the effect of a benc- 
fidS mStioa in one opcron is hlcely to be dilmed out so that 
rofieTnO sipiificant pbenotypic advantage. However ampb- 
JeS S - -utant a^ele, so that it occupies the majority of 
S bacterium's rm operoos, could confer » ^ 
type as has been observed in 5. pneumonic (Table 2). la 
Sieial however, in bacteria with multiple rm cop>es resis- 
SSnSaied by an encoded n^thyltransferase, which 

such as that encoded by m** in Stpptyom. Qty™* 
implementation of both of the. latter «*^«J*£ 
Suisition of exogenous genetic material modeia^ » to«to 
of macrolide resistance have been obsc^ed m ttowa, gon- 
orrhoea* upon overocprcssion of an endogenous ^rje 
SI iem (61). Probably many pathogens have mheren 
SSLni that provide some tolerance to macrohdes 
S of^ antumcTObial agents, e.g., the -nr gene * Myco- 
iTc^ium tuberculosis (36) and the acrAB homolog » Hee- 

^JSSSSL^ resistance in many b^al 
nathoaens remains largely undoeumcmed. Examples of patho- 
goTS this is the case are listed togethe, w!th their rm 
S numbers ^ ™j« ^ It ^ predicted th.t there is a hg 
Srttt rpr mac-F ^— ^ ^ ornTfhVrnutaboos r^the_ 
" ^ffrfe tocteria in_r hc upper portion of the tattc. 
-The probability * rcs.srancc developing would c-X course de- 
oend on the types and quantities of drug to which these or- 
5L?« e^sed. Development oE macrolide 
|Tof the remaining bacteria in the lower portion of Table 4 
would be most likely linked to rKNA methylanon or drug 
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MLSe-tesistant ribosomcs. The laiest S««e»a^ 
UdeTthe ketolides, include whihiomycm (HMR 364/) ana 

ramto against bacterid pathogens (see, eg, refer- 
SSSSTE and 109). Tehthromycin binds to M 

this appear to be n direct ™f4 c _ 11 _c_ 1 2 carbamate 

i Js A rapid pretreatoent analysis of the tffeLimg 
S tcSrl So m genotype «ovUd M^gSf 
Soto of drugs. Prescription of a tailor-made drug cacklau, . 
toSJa W 3ck and complete eradication of 
SJS rntoU the occurrence of resistance mutaUo* m 
?P?NA. Previews experience bas snown. however, that the bes 

T- ^ development and use. It >$ thetdOTe 

S^andhop e fullym^w a ytostayon eS tepah W dof 
intractable bacterial infections. 

ADDENDUM IN PROOF 

Tbe mo* recent ^resolution ^^ff**™^ 
.rft£. sftS -aibunit fN Ban, P. Nfcsen, 3. Hansen, P- B. Moore, 

5Si?3 i- W rRNA. nudccrMes ^d shows how 
p ^ .„„ r , 748 nin domain n lies dose to (within 10 A ot) 
SSSLSSTv. the site of peptide bond foxrnaUon » 
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dose by and is c*d by domain V of * ^ 
t t^L N . Ban, P. B. Moore, and T. A. Stat* science 
iSSlTwS Model of comparable resoluuon arc , .£ 
SSf for the 30S svbunir (F- Schl—, A. To*£ | 
Zarivach, J- Harms, M. Gluehmann, D Jancll ,A ■ B**J* 
Bartds, I. Agmon, F. Franceschx, and A JfWu Ofl^_ 

S^rnionsdescn-bcd ^ 
of other rRNAmutedons, can be found ^thcrRNA^s^ 
^w/ribosomeiandm.edu) thai is mamt amed by Kathleen 
San Franklin and Marshall Colkfie, Umcwter. Pa. 
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ences Biotechnology Program, toe Carisbe^ ro 
Danish Medical Research Council. 
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